Glutathione modulates ryanodine receptor from skeletal muscle sarcoplasmic reticulum. Evidence for redox regulation of the Ca2+ release mechanism.
In this report, we demonstrate the ability of the cellular thiol glutathione to modulate the ryanodine receptor from skeletal muscle sarcoplasmic reticulum. Reduced glutathione (GSH) inhibited Ca2+-stimulated [3H]ryanodine binding to the sarcoplasmic reticulum and inhibited the single-channel gating activity of the reconstituted Ca2+ release channel. The effects of GSH on both the [3H]ryanodine binding and single-channel measurements were dose-dependent, exhibiting an IC50 of approximately 2.4 mM in binding experiments. Scatchard analysis demonstrated that GSH decreased the binding affinity of ryanodine for its receptor (increased Kd) and lowered the maximal binding occupancy (Bmax). In addition, GSH did not modify the Ca2+ dependence of [3H]ryanodine binding. In single-channel experiments, GSH (5-10 mM), added to the cis side of the bilayer lipid membrane, lowered the open probability (Po) of a Ca2+ (50 microM)-stimulated Ca2+ channel without modifying the single-channel conductance. Subsequent perfusion of the cis chamber with an identical buffer, containing 50 microM Ca2+ without GSH, re-established Ca2+-stimulated channel gating. GSH did not inhibit channel activity when added to the trans side of the bilayer lipid membrane. Similar to GSH, the thiol-reducing agents dithiothreitol and beta-mercaptoethanol also inhibited high affinity [3H]ryanodine binding to sarcoplasmic reticulum membranes. In contrast to GSH, glutathione disulfide (GSSG) was a potent stimulator of high affinity [3H]ryanodine binding and it also stimulated the activity of the reconstituted single Ca2+ release channel. These results provide direct evidence that glutathione interacts with reactive thiols associated with the Ca2+ release channel/ryanodine receptor complex, which are located on the cytoplasmic face of the SR, and support previous observations (Liu, G, Abramson, J. J., Zable, A. C., and Pessah, I. N. (1994) Mol. Pharmacol. 45, 189-200) that reactive thiols may be involved in the gating of the Ca2+ release channel.